Purpose: Epilepsies originated from the occipital, parietal and/or the posterior edge of the temporal lobe are grouped together into posterior cortex epilepsy (PCE). Our objective was firstly to describe electroclinical and imaging findings in the presurgical evaluation of children with PCE, and secondly to identify potential factors associated with surgical and cognitive outcomes. Method: From the total of patients referred to the Epilepsy Monitoring Unit of 'Hospital Universitario Niño Jesús' from 2003 to 2016, 55 had drug-resistant PCE. Different variables obtained from the multimodal presurgical work-up were analyzed among patients achieving seizure freedom after surgery (ILAE class 1) and patients with persistent seizures. Categorical variables were compared with Fisher's exact test and numeric variables with t-Student for independent samples, and multiple logistic regression were used to analyze predictive values. Results: Median duration of epilepsy until surgery was 5 years [3-10 years]. Fifty patients showed lesions in the MRI, and 62.5% had concordant MRI-PET corregistration. 37 (67%) patients were operated (lesionectomy in 21 subjects, tailored resection based on intracranial studies in 16), and 23 (62,2%) reached ILAE class 1, with a mean follow-up period of 3.51 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] years. A lower number of basal seizures and antiepileptic drugs, a well-defined lesion on the MRI, an epileptogenic zone (EZ) restricted to the posterior quadrant and the normalization of postsurgical EEGs were associated with seizure freedom (p < 0.05). Additionally, 65% of patients had a long-term improvement of cognitive performances. Conclusions: Epilepsy surgery should be considered in children with drug-resistant PCE, especially in those with a restricted EZ.
Introduction
Considering the intrinsic difficulties in delineating the boundaries between the occipital, parietal or the posterior edge of the temporal lobe [1] , epilepsies originated from any of these areas isolated or in combination are grouped together into posterior cortex epilepsy (PCE) [2, 3] . Seizures emerging from the posterior cortex are often drug-resistant; however, given its rapid propagation and frequent involvement of eloquent areas, a relatively low number of patients are considered for surgery [4] . Children may show particular clinical features, representing a specially challenging population. Our objective was firstly to analyze electroclinical presentations, imaging findings and cognitive performance in these patients, and secondly to identify potential factors associated with surgical outcome in respect both to seizure control and cognitive performances.
Material and methods
From the total of patients referred to the Epilepsy Monitoring Unit (EMU) of 'Hospital Universitario Niño Jesús' from 2003 to 2016, 55 were diagnosed with drug-resistant PCE. Patients with posterior cortex seizures associated with encephalopathy due to toxic, metabolic, mitochondrial, inflammatory and neurodegenerative etiologies were excluded from the study. The following longitudinal information was retrospectively compiled from the EMU data registry (File-Maker pro):
Demographic and clinical data
Including age at epilepsy onset, age at first evaluation, duration of epilepsy, seizure frequency, number of antiepileptic drugs prescribed so far and history of neonatal seizures or status epilepticus (SE).
Long-term video-EEG monitoring
Semiological categorization was adapted from Lüders seizure classification [5] . International 10/20 system was used in all patients (with additional electrodes from 10/10 system if required). Ictal onset (early ictal epileptiform activity, EA) was categorized as: 1. Restricted to the posterior cortex electrodes (involving O1/O2, P3/P4/Pz, T5/T6, isolated or combined), 2. Lateralized to the ipsilateral hemisphere (involving other electrodes in the same hemisphere) or 3. Diffuse (involving other electrodes bilaterally). Propagation patterns were classified as temporal (T3/T4, F7/F8), fronto/central (Fp1/Fp2, F3/F4, C3/C4, Fz, Cz) or hemispheric (combination of both). A second phase with intracraneal electrodes (subdural and/or depth) was performed if required for an appropriate delineation of the epileptogenic zone (EZ) and/or eloquent cortex. EZ was defined as: 1. Restricted to the posterior quadrant, or 2. Extending beyond it (eg. anterior temporal).
Neuroimaging studies
Imaging protocol was described elsewhere [6] . Regarding MRI findings, patients were divided as 'non-lesional' (or MRI-negative) or 'lesional'. MRI lesions were classified according to: 1. Etiology (1a. Malformations of cortical development (MCD), 1b. Tumors, 1c. Ischemic lesions and 1d. Others), 2. Extension/delimitation (2a. circumscribed/well-defined Àsuch as tumors or type II Focal Cortical Dysplasias (FCD)-or 2b. extended/ill-defined lesions Àsuch as other MCD and ulegyria) and 3. Topography (3a. Occipital lobe (AEposterior temporal), 3b. Parietal (AEposterior temporal), and 3c. Parieto-occipital (AEposterior temporal). FDG-PET was coregistered to structural MRI studies. Findings were divided into: 1. Concordant with the MRI topography in a lobar level, 2. Hypometabolism involving other lobes beyond the MRI lesion (but including the lesion), 3. Non-concordant tests (Hypometabolism in a different lobe than the MRI lesion).
Neuropsychology
A comprehensive protocol was systematically applied [7] during presurgical evaluation and one year after surgery; and at long-term (3 and 5 years post-surgery) as far as the follow-up allowed. The protocol included tests to determine intellectual quotient (IQ), and examination of specific cognitive domains such as language, visual/visuospatial processing, memory and attention. In children younger than 3 and in those with severe intellectual impairment, Developmental Quotient (DQ) was estimated. Evolutionary changes in IQ/DQ were recorded when an increase or decrease was major than 10 points; change in specific cognitive domains were considered when scores varied more than 1 SD.
Multimodal evaluation to estimate the risk of postsurgical functional deficits
Essential language, visual, or motor cortices and fiber tracts related to the EZ were tested on an individual basis, adjusted according to the age/brain maturation, neurological/neuro-ophthalmological examination, electroclinical, and neuropsychological findings. It included functional MRI (in collaborative children), DTI-tractography, WADA test, electrical cortical mapping (extraoperative) and cortical evoked potentials (extra-operative or intraoperative).
Surgical approach
Surgical strategies integrating neuronavigation and functional evaluations were fully implemented when necessary. Type of surgery was classified as: 1. 'Lesionectomy' (in cases with welldefined epileptogenic lesions; restricted to MRI lesion margins in patients with a high risk of functional deficit, or slightly extended beyond them in patients with a low risk), 2. 'Tailored resection' after invasive evaluation, guided by the results of these tests, in patients with an EZ close to eloquent cortex. bilateral, ill-defined and multilobar lesions, or discordant electro-clinical, MRI and/or neurophysiological findings.
Etiology and histopathological findings
General etiological categories (MCD, tumors, ischemic lesions and others) and specific pathological findings (type I FCD, type II FCD, type of tumor, ulegyria, etc.) were considered.
Postsurgical outcome
ILAE classification on postsurgical outcome was determined, considering ILAE class 1 (seizure-free after surgery) as the main goal of epilepsy surgery.
EA in postsurgical follow-up EEGs
1 year after surgery and at the last follow-up. Statistical Analysis: Different variables were compared among patients reaching ILAE class 1 (seizure-free after surgery) and patients reaching ILAE classes 2 to 6 (non seizure-free after surgery). The contrasted variables were: Gender, duration of epilepsy, number of AEDs, frequency of seizures, etiology, topography and extension of the MRI lesion, EZ restricted to the posterior quadrant, concordance with FDG-PET, cognitive decline, type of surgery and EA in follow-up EEGs. Categorical variables were compared with Fisher's exact test and numeric variables with t-Student for independent samples; Pearson correlation and multiple logistic regression were used to analyze predictive values (SPSS (Chicago, IL, U.S.A.) v. 21).
Results
Main subject characteristics are summarize in Table 1 . Median age at the epilepsy onset was 3 years [neonatal period-10 years], whereas the median age at first evaluation in our center was 10 years [3 months-23 years]. Twenty-five (45.45%) were female, 10 (18.18%) had a neonatal seizures history and 17 (30.9%) reported episodes of SE in the past. 35 (63.64%) suffered from multiple seizures per day, indicating a high severity of the disease in this series.
Electro-clinical data
Regarding electro-clinical evaluations (Fig. 1) , initially most seizures involved visual and/or oculomotor symptoms (ipsilateral blinking and simple or complex visual hallucinations or illusions, amaurosis or visual field deficits, blurred vision or diplopia, oculogyric seizures, nistagmus or strabismus). Nauseas, vomiting, vertigo, flushing or pallor were also frequent early in the course of seizures. Focal motor (clonic, bilateral asymmetric tonic seizures and focal spasms), automotor, versive and secondary generalized tonic-clonic seizures were commonly observed within evolution.
Ictal onset was ipsilateral to the same hemisphere than the structural lesion in 45 (83.3%) patients and located in the posterior Fig. 1 . Semiologic features registered with long term Video-EEG in the 55 patients with Posterior Cortex Epilepsy, differentiating the most prominent symptoms in each patient both at the start and within the evolution of a typical seizure. cortex electrodes in 34 (63%). Propagation patterns involved the anterior temporal lobe in 24 (44.5%) patients, fronto/central regions in 16 (29.6%) and all hemisphere in 10 (18.5%). Epileptic spasms showing lateralizing findings and/or linked to posterior cortex focal seizures were recorded in 8 patients (aged 1 month to 10 years). Electro-clinical pictures classified as Epileptic Encephalopathies due to highly frequent seizures and almost continuous widely extended epileptiform activity were described in 11 patients (aged 1 month to 10 years). Intracraneal studies were performed in 20 patients, due to proximity to essential functional cortex, bilateral, ill-defined and multilobar lesions, or discordant electro-clinical, MRI and/or neurophysiological findings. A combination of subdural and depth electrodes was applied when cortical mapping was deemed necessary to delineate language (3) or perirolandic sensitive-motor cortex (3). Finally, Wada test was performed in 2 patients.
Neuroimaging findings
Fifty (90.9%) patients showed lesions in the MRI. Lesions were located in the occipital lobe (AEposterior temporal) in 18 (32.73%), parietal (AEposterior temporal) in 9 (16.36%), and parieto-occipital (AEposterior temporal) in 23 (41.81%). 18 (32.7%) of patients had bilateral lesions. Regarding etiological categories, MCD were identified in 24 (43.63%) patients, À19 (34,5%) corresponded to FCD; 6 (10.9%) had tumors À4 dysembryoplastic neuroepithelial tumors (DNET) and 2 low grade gliomas-; and 10 (18.18%) had ischemic lesions À8 ulegyria. 20 (36.4%) patients had circumscribed/well-defined lesions (including all tumors and most type II FCD), whereas 35 (63.6%) had extended/ill-defined lesions (such as type I FCD, other MCD or ulegyria) (Fig. 2) .
FDG-PET and PET-MRI co-registration was performed in 32 subjects (58.18%), showing a concordance with the location of the structural MRI in 20 (62.5%) patients and a broader hypometabolism in 8 (25%) patients.
Surgery outcome
After complete multimodal evaluation, 37 (67%) patients were operated on. A lesionectomy was performed in 21 subjects, including patients with low-grade tumors, type II-FCD, and unilateral ischemic lesions. A tailored resection after long-term video-EEG monitoring with intracraneal electrodes was performed in 16. No significant complications of surgery were observed.
The kappa coefficient of agreement between the histopathology diagnosis and the presumed diagnosis based in neuroimaging studies was 0.82 (very good).
From the 37 operated patients, 23 (62,2%) reached ILAE class 1, and 15 (45.5%) of them within class 1a. All patients showed some degree of seizure reduction (no patients included in ILAE classes 5 or 6), with a mean follow-up period of 3.51 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] years.
Surgical cases included one patient with negative MRI but positive PET-MRI corregistration (pathology corresponding to type I-FCD), reaching ILAE class 1, and also 6 cases with bilateral (but asymmetrical) lesions (3 ulegyria, 2 tuberous sclerosis and one FCD), 3 of them reaching ILAE class 1 (2 ulegyria and one tuberous sclerosis).
In follow-up EEG registers, only 8 out of 37 operated patients did not show EA after (at least) one year of surgery, and all of these subjects without EA are currently seizure-free.
Patients reaching ILAE class 1 (seizure-free, group 1) and patients reaching ILAE classes 2, 3 and 4 (non seizure-free, group 2) were compared regarding different variables (Table 2) . A lower number of seizures and AED, a circumscribed/well-defined epileptogenic lesion, an EZ restricted to the posterior quadrant and the disappearance of the EA in postsurgical EEG evaluations were associated with seizure freedom (p < 0.05).
Post-surgical complications and surgery rejections
Regarding postsurgical complications, four adolescents patients referred hemianopia, developing postural compensatory mechanisms without long-term significant functional disability. Expected homonymous quadrantic or hemifield visual deficits revealed by visual field testing/instrumental campimetry were well tolerated in school-age children, and practically undetected in uncooperative and young children.
18 patients were rejected for surgery, mainly due to unacceptable postsurgical functional deficit: in 4 patients with bilateral occipital ulegyria involving the primary visual cortex (risk of cortical blindness), and in 3 cases with EZ in the left inferior parietal/posterior superior temporal lobes (risk of aphasia or Gerstmann syndrome, 2 of them studied by means of intracranial electrical cortical mapping). The risk of a homonymous visual field defect did not constitute a priori a restriction for epilepsy surgery; after thorough discussion with families/patients it was rejected only in one patient. Otherwise, 11 children were not considered good surgical candidates at the time of evaluation because of a combination of factors: independent bilateral epileptiform activity plus ill-defined or negative MRI findings, a suspicion of an unrevealed genetic or metabolic condition, or family refusal due to transitory seizure control.
Neuropsychological evaluations
Results regarding neuropsychological status in surgical cases are summarized in Fig. 3 . A detailed neuropsychological evaluation was performed during presurgical evaluation in all 55 cases, and one year after surgery in 37 operated-on cases. Long term controls at 3 or 5 years after surgery were carried out in 25 patients.
Basal IQ or DQ was between 30 and 107 (Mean = 74.97, SD = 22.99). After 5 years of surgery, 24 (64.86%) patients improved neuropsychological scores (global IQ in 6 and specific domains in 18 subjects), reflecting a beneficial effect of seizure control in cognitive development. Verbal memory improved one year after surgery in 23.22% of patients, and this improvement was sustained at 5 years in 16%. None showed a decline in verbal or visual memory either at short or long-term follow-up. However, 12 (32.43%) patients had a worsening after surgery at long-term follow-up (6 in global IQ/DQ, one in visuospatial processing and 5 in attention). Patients with IQ/DQ decline after surgery presented higher rates of epileptic encephalopathy pictures and polytheraphy. Well-defined lesions (tumors and FCD-II) had significant higher IQ/DQ both at short and long-term follow-up. There were no significant differences regarding the number of seizures after surgery, or whether the MRI lesions were uni or bilateral or involving the dominant or non-dominant hemisphere. After multiple logistic regression, the only variables involved with improvement in IQ/DQ at long term were the presence of a welldefined lesion and the decrease in the number of AEDs.
Discussion
Previous pediatric series of PCE have provided detailed information about semiological features, showing a wide range of manifestations either typical of the posterior cortex, such as visual or oculomotor features, or else due to propagation, such as motor seizures [8] , simple or complex auras, automatisms and behavioral changes [9] [10] [11] [12] . Electroclinical spreading to other regions is a frequent phenomenon in PCE [13] , and ictal recognition may occur in temporal and/or frontal lobes [14, 15] . In our study, the frequent detection of different visual phenomena early after the seizure onset contributed to classify the epilepsy syndrome as originated from the posterior cortex.
Regarding surgery outcome, rates of seizure freedom after PCE surgery are substantially heterogeneous Àfrom 25 to 90%-, probably due to the lack of uniformity in the selection criteria (1) and PET-MRI coregistration (2) showed a well-defined type IIb FCD involving the superior left parietal lobe, limiting with the postcentral gyrus. A tailored resection (3) resulted in long-term seizure freedom without significant deficits. (b) 9-year old girl suffering since infancy from focal seizures with visual/ocular signs and series of epileptic spasms. MRI (1) and PET-MRI co-registration (2) showed a well-defined type IIb FCD involving the occipital lobe, corresponding to non-functional cortex in functional MRI studies. A tailored resection (3) resulted in long-term seizure freedom without significant deficits. (c) 9-year old-girl with epileptic encephalopathy. MRI (1) showed an ill-defined bilateral asymmetrical ulegyria involving both medial occipital lobes. PET-MRI co-registration (2) showed a right temporo-parieto-occipital junction hypometabolism. A tailored resection involving right occipital and posterior parieto-temporal cortex resulted in resolution of the epileptic encephalopathy picture, a moderate improvement of seizure control, and a neuropsychological improvement regarding visual memory and attention. and diagnostic methods, and also thanks to surgery technical improvements in recent years [2, 3, [16] [17] [18] . Additionally, the identification of surgical prognostic factors in children with PCE has launched controversial results.
In specific pediatric series, independent predictors of seizure recurrence have included an etiology other than tumor or dysplasia, limiting resection to a lesionectomy, and ipsilateral temporal spiking in pre or postoperative EEG [19] . Other study showed that an older age at epilepsy onset, a rather restricted EZ and a complete resection of this area were predictive of a favorable surgical outcome [16] . In a recent series, a left-sided surgery, parietal EZ and/or resections and longer epilepsy duration to surgery were considered bad prognostic factors [17] . Mixed series of adults and children have shown similar results regarding the identification of a tumor or a cortical dysplasia and the absence of EA in postoperative EEG as favorable seizure outcome [3, 20] .
A relationship among etiology and extension of the EZ with surgery performance was also found in our study, which showed that patients that achieved seizure freedom had a higher rate of well-defined lesions and restricted EZ than patients that continued having seizures. Contrary, the presence of a rapid propagation to other lobes, the absence of a circumscribed lesion on MRI and the identification of EA in follow-up EEGs as diagnosis markers of extended epileptogenicity were systematically associated with bad postsurgical outcome across different studies, in agreement with our work. It is important to remark that selected patients that 'a priori' could be rejected for surgery, such as 'non-lesional' patients (with a focal hypometabolism in PET-MRI corregistration), or bilateral asymmetric ulegyria, could also be good candidates if thoroughly studied.
Regarding neuropsychology outcome, there is scarce literature specifically in PCE surgery [21] . In a recent review, 30% of pediatric patients show a significant improvement in IQ/DQ after temporal lobe surgery, whereas 12% experience a decline [22] . Etiology, age at onset, seizure freedom, basal cognitive status and reduction or removal of AEDs after surgery are variables related to postsurgical cognitive outcome in epilepsy surgery [23, 24] . These multiple variables interact with plasticity and maturation of the developing brain in pediatric patients, complicating the prediction of cognitive outcome after surgery. In our study, 65% of patients improved neuropsychological outcome and 32% declined after 5 years of surgery; only the extension/delimitation of the lesion and the reduction in AEDs were associated with an improvement in IQ/DQ, confirming previous findings in PCE. This supports that in patients with posterior cortex drug-resistant seizures (particularly those with a well-defined lesion), surgery evaluation is mandatory giving the negative effects of epilepsy in the developing brain [25] .
Our study had several limitations. First of all, the information has been extracted from a non-uniform data-base (since patients were included in a 14 years-period), implying different diagnostic modalities and surgical techniques. Additionally, an important delay among epilepsy onset and first evaluation in our center was detected (median 6 years); this delay has been significantly reduced in the last years due to an improvement on referral system. Otherwise, some patients experienced a temporary seizure control (i.e, some patients with FCD and vascular lesions), retarding the surgical evaluation.
Nevertheless, considering the highly drug-resistant profile of our population, important goals were achieved, such as high rates of surgical candidacy and good postsurgical outcomes regarding seizure freedom and cognitive performance.
Conclusions
According to these results, we consider that a carefully clinical identification of PCE and the demonstration of a limited EZ within the boundaries of the posterior cortex should lead to an appropriate surgical planning, with minimal or well tolerated sequelae, and additional neuropsychological benefits in most patients.
